The technique of light-scattering has been extensively employed in recent years in physicochemical investigations of proteins in solution.', 2 It is useful not only for the determination of molecular weights of macromolecules but also for the measurement of their thermodynamic interaction. The excess turbidity r, arising from composition fluctuations, in a solution of two components1 is related to the chemical potential 12 and molecular weight M2 of the solute in the following manner:
The technique of light-scattering has been extensively employed in recent years in physicochemical investigations of proteins in solution.', 2 It is useful not only for the determination of molecular weights of macromolecules but also for the measurement of their thermodynamic interaction. The excess turbidity r, arising from composition fluctuations, in a solution of two components1 is related to the chemical potential 12 and molecular weight M2 of the solute in the following manner: /12 = RT log C2 + 12(') + p20(T, p), where C2 is the solute concentration in grams per milliliter, p12(e') is the excess chemical potential of the solute, and H is the optical constant. From the intercept of HC2/r, plotted as a function of C2, the solute molecular weight M2 may be determined, and, from the slope of the curve, the derivative (a)u2(e)/aC2) T,, measuring the departure of the solution from ideal behavior may be calculated. Attractive forces between the solute molecules lead to negative values of this derivative, whereas repulsive forces lead to positive values. Kirkwood and Shumaker4 have shown that fluctuations in charge and charge configuration of protein molecules can lead to a supplementary attractive force between them, in excess of the usual electrostatic force associated with their average charge distributions. Although it is not, in general, possible to distinguish between these two types of force by thermodynamic measurements, that part of the fluctuation force arising from total charge fluctuations of the molecules of a saltfree isoionic solution may be isolated from effects due to all other intermolecular forces, since it gives rise to a term in the excess chemical potential proportional to the square root of the solute concentration, while all other intermolecular forces, both van der Waals forces and electrostatic forces associated with permanent and fluctuating multipoles, contribute only terms proportional to the first and higher powers of the concentration. Thus the theory of Kirkwood and Shumaker leads to the following power series in C21/2 for the function HC21/r in salt-free isoionic protein solution, for which the average molecular charge is zero: It is the purpose of the present investigation to provide an experimental test of the predictions of the theory of Kirkwood and Shumaker for salt-free isoionic protein solutions and to employ equation (2) for the determination of the total charge fluctuation of a representative protein. The protein used was Armour crystalline bovine plasma albumin (BSA). An 8-10 per cent solution of this protein was made up in redistilled water and was deionized by passing it over an ion-exchange column, according to the method of Dintzis and Oncley. 6 The conductivity of the resulting solution corresponded exactly to its pH. This material we then clarified for light-scattering by centrifuging it for three hours in a Spinco *odel L centrifuge at 40,000 rpm and then passing it, under one pound of nitrogen pressure, through a sintered glass filter of ultrafine porosity, especially designed for lightscattering work.7 The water used as diluting solvent was purified by redistilling it in an all-Pyrex still.
The light-scattering measurements were carried out in a Brice-Phoenix photometer, with the proper modifications for use with small cells. The measurements were done in 3-ml. square glass cells held in a specially designed cell-holder. In each set of measurements the turbidity of the solvent was first determined, and then a series of small increments of concentrated stock protein solution were added from a Gilmont ultramicroburet. Each series of measurements was repeated several times. Points obtained in overlapping dilution series indicated that this procedure was free of errors resulting from protein denaturation or from the introduction of small amounts of dust during addition and mixing.
The value for the refractive increment of the protein used throughout this study was 0.1953. The results obtained with one preparation of isoionic Armour BSA in salt-free aqueous solution are shown by the filled circles in Figure 1 . In this figure the light-scattering data are plotted in the usual manner as a function of concentration. The data, which cover a concentration range of 0.005-1.8 per cent, reveal a marked curvature in the dilute region. This curvature is most pronounced in the region below a concentration of 0.2 per cent, which, in this case, is determined by a set of 40 points.
When plotted against the square root of the concentration, as is shown in Figure  2 , the points fall very nearly on a straight line over the four-hundred-fold concentration range studied in these experiments. The curve is well represented by equation (2), with the following coefficients determined by the method of least squares: HC2 = 1.27 X 10-(8.35 X 10-7)C72 " -(2.46 X 10-8) C2,
the standard deviation being +0.024 X 10-5.
The intercept of this curve corresponds to a molecular weight of 78,900 without the use of the customary correction for depolarization.8 This value is in good agreement with values previously reported for BSA from light-scattering measurements. .1 -I that our value of the average molecular weight was somewhat higher than that obtained by other methods. Results obtained in a control run done in 0.001 M NaCl, which covered the same concentration range as the salt-free measurements, are given by the open circles in Figure 1 . In this case the data are linear in concentration over the entire concentration range studied, as would be expected for a protein solution in the presence of salt. Extrapolation to zero concentration results in a value of 83,300 for the apparent molecular weight. The difference in intercepts between the experiments on salt-free solution and those in 0.001 M NaCl could be accounted for largely in terms of the difference of refractive increments of BSA in the presence and in the absence of salt,9 since in our measurements the same value of dn/dc2 was used in the two cases. A small contribution would also be expected from the thermodynamic interaction constant between the protein and the salt.
The possibilities that the data for the salt-free isoionic solutions were influenced by instrumental artifacts or by loss of protein due to surface denaturation or adsorption were eliminated by control experiments which will be described in a subsequent paper. The fact that the measurements in 0.001 M NaCl yielded values of HC2/r, linear in the protein concentration, which did not exhibit a sharp rise at high dilutions is good evidence for the absence of artifacts. The possibility that the upward curvature in the salt-free solutions was due to progressive ionization of the protein as its self-buffering power diminished with decreasing concentration was eliminated by control experiments in 10-1 11 HC1. Results identical with those in water alone were obtained.
The theoretical possibility that our results should be attributed to a concentration-dependent aggregation arising from specific short-range attractive forces may be rejected, since such an effect would always be linear in the protein concentration at high dilutions. In fact, the small value of the virial coefficient B of equations (2) and (3) shows that there is rather a close balance between short-range attractive forces and repulsive forces, the latter making a positive co-volume contribution to B which nearly cancels the negative contribution of the former.
In a recent paper Dandliker10 has also reported on light-scattering measurements on isoionic solutions of BSA. From his data it is not possible to decide whether HC2/T approaches proportionality to the square root or to the first power of protein concentration at infinite dilution. However, Dandliker's measurements cover a smaller concentration range than our own, and the region of high dilution is covered by fewer points, with a larger random error, than in our experiments.
Our experiments provide convincing evidence of the validity of the chargefluctuation mechanism of molecular interaction in protein solutions proposed by Kirkwood and Shumaker. In the absence of a means of estimating the relative effect of other short-range forces, quantitative interpretation is possible only for the long-range component which gives rise to the term proportional to the square root of concentration. From the coefficient of this term in equation (3) we are able to calculate a value of 3.5 protonic units for (Z2)av'/2, the root-mean-square charge fluctuation of BSA in isoionic solutions. This value is in excellent agreement with the value 3.4 which has been calculated from titration data obtained for this protein by Tanford.'1
In conclusion, we remark that further studies on Armour BSA, human serum VOL. 41,y 19355 mercaptalbumin, and bovine serum mercaptalbumin carried out in this laboratory are in complete agreement with the results presented here and may be quantitatively interpreted by the charge-fluctuation concept. These studies will be reported in a separate communication. * Oparinl made a significant contribution toward the solution of the problem of the origin of life by suggesting that the prebiological environment contained a great abundance of organic compounds, whose existence was possible because of the reducing nature of the atmosphere at that time. The gap between living organisms and simple inorganic compounds is thus considerably reduced. Since Oparin made his suggestion, Urey2 has brought forward geochemical and astronomical arguments in favor of the thesis that the original atmosphere of the earth was of a reducing nature. Recently it has been shown experimentally3 that passage of electrical discharges through such an atmosphere produces organic compounds in great variety and abundance. The original speculations of Oparin thus appear to have been well founded.
There is, nevertheless, a large gap between the simplest living organism and an aqueous solution of organic compounds. I propose here that this gap can be further narrowed.
A biochemical system can be regarded as a system of catalysts regulating the transformation of other compounds so as to make available to the system energy and matter for its further increase and maintenance. Since the catalysts cannot be produced without metabolism, and metabolism cannot proceed without the catalysts, the origin of such a system has naturally been difficult to comprehend.
